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ABSTRACT 

A Solar still is a simple device, which is used to produce drinking water 
using energy of sun. Its low productivity is of great concern. Laurie acid is 
used as energy storage medium in the solar still to produce drinking water in 
the off sunshine hours. To examine the effects of use of PCM in the solar still 
for same total daily solar intensity on energy and exergy efficiency, 
experiments were carried out on two similar double slope solar still at 
Allahabad (25° 28'N, 81° 54'E) U.P. India. PCM is used in one of the still for 
the purpose of comparison with conventional still. It is observed that the 
exergy efficiency increases by 40% when lauric acid is used as energy storage 
medium in the solar still. 
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1. INTRODUCTION 

Water is a precious natural gift on the earth. It covers three- fourths of the surface of 
the earth. The only nearly inexhaustible source of water is the oceans. Their main 
drawback, however, is their high salinity. This problem could be partially tackled by 
deriving the potable water from available brakish water with the help of technological 
advancement. Kalogirou reviewed a large variety of systems both conventional and 
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Non-conventional, used to convert brakish water into drinking water. Among the 
available solar desalination systems, solar still is a very simple and easy to construct 
device. It has many features but the daily productivity from the solar still is not 
sufficient to meet the end users needs. Different solar still designs have been 
developed by the researchers and numerous theoretical and experimental 
investigations have been carried out to improve the performance. Many researchers 
have used energy storage mediums in the solar still to improve the daily productivity. 
Nafey et al, used black rubber and black gravel to enhance the productivity of the 
solar still. El-Sebaii et al used baffle suspended absorber plate in the solar still to 
increase the productivity. Almost 20% gain in daily productivity was found by these 
researchers. Latent heat of phase change material is many orders higher than the 
specific heat of materials. Therefore PCM can share 2-3 times more heat or cold per 
volume or per mass as can be stored as sensible heat in water in a temperature interval 
of 20 °C (Maheep et al 2014). Lorsh et al, Lane et al and Humphries and Griggs have 
studied PCMs that can be selected as a storage media. Dincer and Rosen, Abhat have 
given a detailed classification of PCMs along with their properties. Rai et al have 
reviewed work on PCMs and their wide range of applications. Naim et al, Shukla et 
al, and Rai et al used PCM as a energy storage medium to constructed a novel 
continuous single stage solar still. They reported that the productivity of a solar still 
can be greatly enhanced by the use of a PCM integrated to the still. In the present 
study, performance of a double slope solar still with Laurie acid as PCM is compaired 
with the conventional still in outdoor conditions in the month of February. Melting 
temperature of Laurie acid is 49°C and latent heat of fusion is 178 kJ/kg Maheep et al 
2014. Exergy analysis is a powerful indicative tool for the performance evaluation of 
thermal systems. Objective of the present work is to evaluate the performance of the 
solar still using energy and exergy analysis. 

2. EXPERIMENTAL SET-UP 

Figure 1 shows the photograph of two double slope solar still (DSS) of same size and 
shape. They are kept on the same plateform for experimentation. One still is 
conventional while other is assisted with PCM at its base. The DSS consist of a 
passive solar distillation unit with a glazing glass cover of thickness 3mm. Inclination 
of the glass covers are at 26°. Area of the basin is 0.048m x 0.096m. The basin of the 
still is made up of Galvanized iron. The effective area of the basin is 0.72 m 2 . Mass of 
2 kg of Laurie acis as PCM is spread in the basin. A separate basin made of 
Aluminum is used to store water for distillation. Air tight contact is made between 
water basin (Aluminium tray) and the PCM. Thermocouples were attached in 
different locations of the still to record the temperature. A distillate channel was 
provided at each end of the basin for the collection of distilled water. The distillate 
was collected in a jar and then measured by graduated beaker. Solarimeter is used to 
measure the solar intensity. Anemomter is used to measure the wind velocity. 
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Figure 1 Experimental Set up of Double Slope Solar Still With and without PCM 

3. PROCEDURE 

The experiments were conducted in the premises of SHIATS Allahabad U.P.India in 
the winter season. Datas presented here are of the month february. Experiments 
started at 8:30 AM at local time. Copper-Constantan thermocouples with 1° least 
count were used to measure the temperature of water basin, PCM, east and west side 
glass covers and atmosphere. Thermocouples were caliberated using ZEAL 
thermometer. The distillate output was recorded with the help of a measuring cylinder 
of least count 1 ml. The solar intensity was measured with the help of caliberated 
solarimeter of least count 2 mW/m 2 . 

Energy Analysis of passive solar still 'iqL 

Energy analysis of a solar still is based on the principle of conservation of energy. In 
this regard, the input energy to the still and the energy output of the still has to be 
determined. After determining the input and output energy expressions the solar still 
daily efficiency can be calculated by the following expressions. 

henergy = (M w X L) / (A s x£ T t(s)X 3600) ( 1 ) 


The daily yield M w can be obtained by adding hourly yield. L is the latent heat of 
vaporization and is obtained by the expression 
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L = 2.4935xl0 6 x [1-9.4779 x 10' 4 T W + 1.3132 x 10' 7 xT w 2 -4.794 x 10' 9 x T w 3 ] (2) 

T w is basin water temperature in °C. Z 1 ^) is the daily solar intensity. As is the 
basin area of the still in m 2 . 

4. EXERGY ANALYSIS OF PASSIVE SOLAR STILL 

Exergy analysis is derived from the second law of thermodynamics. Exergy of a 
thermodynamic system is the part of energy which is the maximum useful work that 
can be obtained from the system at a given state in a specified environment. Similar to 
the energy analysis, the input exergy to the still and the exergy output of the still has 
to be determined to be able to carry out an exergy analysis. The expression presented 
by Petela for the available amount of terrestrial solar radiation, which has the widest 
acceptability, can be used to calculate the exergy of solat radiation as the exergy input 
(Exi n ) to the solar still. 

XEx in = ZEx sun = (A* x XI t(s) ) x [ 1 - { (4/3)(T amb /T sun ) } + { ( l/3)(T amb /T sun ) 4 } ] (3) 


Where T amb is the ambient temperature and T sun is the surface temperature of the 
sun. Several researchers used different values for T sun . In this paper T sun is taken to be 


5777K. 


ZEx out = IEx CV ap= [(M w x L) x { l-(T amb /T w )}] / 3600 


(4) 


The exergy efficiency can be calculated as the ratio between the net exergy output 
and the input exergy. 

r| Ex = SEx evap / XEx 

sun (5) 


5. RESULTS AND DISCUSSION 



Time of the Day (hr) 


Figure 1 Variation of solar intensity with time of the day 
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Figure 2 Variation of Temperature of different components of the solar still 

(Conventional still) 
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Figure 3 Variation of temperatures of different components of the solar still (with 

PCM) 

Figure 1 shows the variation of solar intensity with respect to the time of the day 
for a particular day in the month of February of Indian climatic conditions. As 
expected, solar intensity on the East facing glass cover is more till 2:30 PM. North 
facing glass cover receives more intensity after 3:00 PM. Fig. 2 and Fig. 3 shows the 
variation of temperature of the different components of the solar still without and with 
PCM. After initial heating of 2 to 3 hours temperature of water is maximum than any 
other component of the still. Temperature of the base is minimum but sufficient to 
loss heat to the environment. So base should be insulated to conserve heat. 
Temperature of the east side glass cover is higher than the west side glass cover due to 
more exposure to sun light than west side glass cover. Temperature of PCM is lower 
to water temperature but more than any other component of the still. From fig3 it is 
clear that due to presence of PCM, base of the still is higher than any other component 
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of the still. Discharging of PCM, heats the water in the basin and the base temperature 
also rises. Due to thermal inertial effect temperature of the base is higher till late 
morning hours. Fig. 4 shows that distillate output in afternoon is more in the PCM 
assisted still than the conventional still. Use of PCM in the basin of the still increases 
the daily productivity by 12.7%, day time distillate output increases by 9.4% and 
night time distillate output increases by 21.7% than the conventional still. Energy and 
exergy efficiencies of both conventional and PCM assisted stills are shown in fig. 5. It 
is clear that PCM assisted still is more efficient than the conventional still. Daily 
exergy efficiency value is very low in comparison with daily energy efficiency. This 
is due to the degradation of energy quality. Energy efficiency of the solar still 
increases by 12.42 when still is assisted with PCM. Exergy efficiency of the still with 
PCM is 40% higher than the exergy efficiency of the conventional still. 



Figure 4 variation of distillate output with time of the day 
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Figure 5 Energy and Exergy efficiency of the conventional and PCM assisted solar 

still 


6. CONCLUSIONS 

In this study, two similar, single basin double slope passive solar stills are used for the 
purpose of analysis. PCM is used in one of the still to find its suitability in terms of 
the performance of the still. Energy and exergy analysis is carried out for the same 
total daily solar intensity. It is observed that the use of PCM in the basin of the still 
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increases the daily productivity by 12.7%. Day time distillate output increases by 
9.4% and night time distillate output increases by 21.7% for the same total daily solar 
intensity. Daily exergy efficiency value is very low in comparison with daily energy 
efficiency. Energy efficiency of the solar still increases by 12.42% and exergy 
efficiency increases by 40% when Laurie acid is used as energy storage medium in 
the still. 
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